Summary Male and female age standardised mortality and incidence rates of colorectal cancer have increased over the most recent 30 years in New Zealand. Among men and women aged 40 to 74, age standardised mortality and incidence rates increased 18 to 105%. However, age standardised mortality and incidence rates among younger men and women have declined from 14 to 69%. Analysis of trends in age specific mortality and incidence rates indicates that the occurrence of colorectal cancer has been declining equally for men and women in successive cohorts born about 1943 to 1953 in New Zealand. This decline in the frequency of colorectal cancer among recent generations was apparent for both the right and left sides of the colon and the rectum. Age-specific trends in coronary heart disease and breast cancer differed from those apparent for colorectal cancer, suggesting that the factors producing the reduction in colorectal cancer risk may affect these diseases among different age groups or may not be of major aetiological importance in these diseases. These trends provide empirical evidence that the occurrence of colorectal cancer can be reduced by at least 50% with a substantial component of the risk being determined before the age of 30. Further study is needed to establish whether changes in risk factors at older ages contribute to the prevention of the disease.
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The occurrence of colorectal cancer among men and women in New Zealand is more frequent than in most other countries (McMichael et al., 1979; Muir et al., 1987) . The international variation in incidence (Boyle et al., 1985) and the change in rates on migration (Haenszel & Kurihara, 1968; Kune et al., 1986; Shimizu et al., 1987; McMichael & Giles, 1988) suggest that environmental factors are of predominant importance in the aetiology of colorectal cancer. Following ecological correlation studies (Armstrong & Doll, 1975) , dietary factors have received greatest attention, but analytical studies have not clarified the specific foods or nutrients responsible (Zaridze, 1983; Willett, 1989) . Recently, physical activity has been considered in several studies; in most of these, individuals with a high level of activity have been found to have a lower risk of colon cancer than other individuals (Bartram & Wynder, 1989 ). An increased risk associated with sedentary occupations has also been reported in New Zealand (Fraser, 1985) . A correlational study suggested beer consumption could contribute to the high colorectal mortality in New Zealand (McMichael et al., 1979) but beer or, more generally, alcohol consumption has not consistently been associated with an increased risk of colorectal cancer (IARC Working Group, 1988) .
Significant lifestyle changes, including changes in dietary fat intake, have occurred in New Zealand since the early 1960's (Beaglehole & Jackson, 1985) . Therefore, trends in colorectal cancer mortality and incidence rates have been examined to assess whether the risk of disease has changed between generations of men and women in New Zealand. As the incidence of colorectal cancer in women has been found to be highly correlated with that of breast cancer (Miller, 1982) , and as certain postulated risk factors may be common to breast cancer and coronary heart disease, the trends in these diseases were also investigated.
Materials and methods
The annual numbers of deaths during the period 1958-87 attributed to cancers of the colon and rectum, and registrations of these cancers during the period 1957-86, for each sex and 5-year age group in New Zealand, together with population estimates, were obtained from publications of the National Health Statistics Centre (Foster, 1971 , Rose, 1967 . A nationwide cancer registry has been in operation since 1948 but estimates of the completeness of registration prior to 1956 were only 66% for colon cancer and 80% for rectal cancer. By 1967 the completeness of registration of colon and rectal cancer had increased to 81% and 84%, respectively, and by 1972 coverage was improved further by including patients admitted to private hospitals (Foster, 1977 Since few deaths occurred at young ages and most registrations of colorectal cancer at the youngest ages had the appendix specified as the site of origin, possibly representing incidental findings at appendicectomy or misclassification, only deaths and registrations of colorectal cancer among those aged 25 or more were included in the analysis.
Age standardised rates were calculated using the World standard population (Doll, 1976) . Age-specific rates for six 5-year time periods were calculated for mortality and incidence for each sex. These were plotted against the median year of birth to identify possible birth cohort effects. Significance tests for trends in age-specific rates used the 5% level of significance (Armitage, 1955 ). Changes in rates over each 30-year period were expressed as a percentage of the rate for the earliest time period. For the time periods 1968 to 1987 for mortality, and 1972 to 1986 for incidence, periods for which subsite data were available, trends in right-sided (cancers of the ascending colon, transverse colon and flexures of the colon) and left-sided (the descending and sigmoid colon) co'on cancer were also examined. Trends in the mortality and incidence attributed to breast cancer, and in mortality attributed to coronary heart disease for the period 1968-87 (rubrics 410-414 of the 8th and 9th revisions of the International Classification of Diseases), were determined.
Results
The annual number of deaths attributed to colorectal cancer in New Zealand was about 1000 (480 men, 500 women), with annual age standardised mortality rates per 100,000 of 25.9 for men and 20.7 for women in the period 1983-87. These were 31% higher in men (P<0.0001) and 10% higher in women (P = 0.0001) than the age standardised rates for the 1958-62 period.
In men, the age-specific mortality rates of colorectal cancer increased slightly for cohorts born about 1903 (Figure 1 Among women, a slight increase in the age-specific mortality rates of colorectal cancer occurred for those born from 1918 to about 1938 with successive reductions in mortality for those born thereafter (Figure 2 ). Unlike in men, no increase in mortality was apparent between cohorts of women born about 1903.
In the period 1982-86, the annual age standardised incidence rates (per 100,000) were 49.3 for men and 40.1 for women. Thus, about 900 men and 920 women developed colorectal cancer each year in New Zealand. These incidence rates were 97% higher in men (P<0.0001) and 80% higher in women (P<0.0001) than the age standardised rates for the 1957-61 period. Statistically significant reductions in colorectal mortality rates (48%: P = 0.0007) over the 30-year period 1958-87 (Figures 3 and 4) . This pattern was also apparent for incidence (not shown), although there was an indication of a decline for the younger age group in the period 1982-86, and in the graphical birth cohort analysis by 5-year age group (not shown), but this was not present in the analogous assessment of trends in mortality. Again, the trends were different form those found for colorectal cancer.
Discussion
Clear differences in the risk of colorectal cancer between different generations of men and women were observed. This suggests that the major determinants of these cancers are environmental and that a significant proportion of the lifetime risk of colorectal cancer may be determined for men and women by young adulthood (before age 30). Also, these trends indicate that at least 50% of colorectal cancer in New Zealand may be preventable. It it were known what change in risk factors produced the trends observed, suitable preventive strategies might be devised. In New Zealand at least, the assessment of trends in colorectal cancer without consideration of the contribution of different birth cohorts to the .*-C 7K~~~~~~~~~~~~~~.l 1958-62 1963-67 1968-72 1973-77 1978-82 1983-87 Time period 1958-62 1963-67 1968-72 1973-77 1978-82 1983-87 Time period (Muir et al., 1987; Taylor et al., 1985) , these demographic changes are not large enough to explain the differences in risk between birth cohorts. The greater increase in the incidence than the mortality of colorectal cancer in both sexes over the time period examined has probably been due to improved cancer registration and, to a much lesser extent, improved survival of those who developed the disease.
Comparison with other studies In England and Wales, and Italy, some reduction in the mortality of cancer of the colon and rectum among generations born since about 1935 has been suggested (Osmond et al., 1983; La Vecchia et al., 1990 
Possible explanations of the trends
Although the epidemiology of colorectal cancer is not well understood, high intakes of animal fat and low intakes of fruits and vegetables appear to increase the risk (Willett, 1989) . While low intakes of fibre, or some constituents of fibre, have been postulated to increase the risk of the disease (Burkitt, 1971) , analytical studies have not shown evidence of a protective effect of cereal fibre and the protective effect of fibre from fruit and vegetables may reflect an association with other constituents of these foods (Willett, 1989) .
Estimated dietary intakes of nutrients from the 1977 New
Zealand national dietary survey (Birkbeck, 1979) for those aged 20 to 34 and 35 to 49 years suggest that median absolute dietary fibre intake was greater in younger men and women. While the median percentage of energy obtained from fat or meat was lower in younger than in older men, this was not observed for women but sources of both fat and meat might have differed between the sexes.
The New Zealand diet has traditionally been high in intakes of meat (mainly beef, lamb and mutton) and dairy products (Birkbeck, 1981) . Between 1955 and 1963 saturated fat consumption rose for the total population but has generally been decreasing since then, while polyunsaturated fat consumption has been increasing since 1970 (Jackson & Beaglehole, 1987) . Between the 1960's and 1980 the ratio of polyunsaturated fat to saturated fat consumption doubled. The risks associated with specific food items as well as macronutrients need further evaluation. The content of many foods can be expected to have changed over time even if there have not been major changes in processing.
The observation that the Maori population of New Zealand has a risk of developing colorectal cancer about half of that of the non-Maori population, despite deriving a slightly greater proportion of their total energy intake from saturated fat, has been regarded as inconsistent with the postulated role of fat in the aetiology of colorectal cancer (Smith et al., 1985) . A possible explanation for the inconsistency is that the risk of colorectal cancer is determined early in life and that earlier this century the fat intake of the younger Maori population was substantially less than the current intake.
Dietary intervention studies of coronary heart disease involving either a reduction in total fat intake or in the ratio of consumption of saturated fat to that of polyunsaturated fat have not shown significant reductions in the risk of colorectal cancer (IARC Working Group, 1990 (Nair, 1984) . Again however, if risk were determined early in life, a reduction in risk factors at older ages need not alter risk.
Changes in physical activity may also have contributed to the decline in risk for younger cohorts. Since occupations have probably become less physically demanding over time, further examination of the changes in physical activity during leisure time is needed. Changes in levels of leisure time exercise have been postulated to explain part of the trends in coronary heart disease in New Zealand (Jackson & Beaglehole, 1987) and elsewhere, but the trends in this disease were not consistent with those of colorectal cancer.
Overall, per capita alcohol consumption derived from beer has been constant in New Zealand since 1975; with an increase in the per capita consumption of alcohol from wine and spirits since the 1960's (Wells, 1989) . This change in alcohol consumption might have been greater for some generations of men and women. However, alcohol consumption is likely to be different between men and women while their risk of disease is similar, and the balance of evidence does not favour an important causal role for alcohol (IARC Working Group, 1988; Longnecker et al., 1990) . The postulated effect of endogenous or exogenous sex hormones on the colon (McMichael and Potter, 1980) would not appear to explain the similarity of the trends in colorectal cancer between the sexes in New Zealand.
The trends in other diseases that might be associated with total energy intake and specific nutrients were not similar to those described for colorectal cancer. Therefore, one or more risk factors relatively specific to colorectal cancer has changed among recent generations. The greater reduction in coronary heart disease among those under age 40 than those older might have been due to greater changes in diet and exercise in this group but also might have been due to a f decreased prevalence of cigarette smoking by these cohorts. It has been suggested that poor nutrition in early life increases susceptibility to the effects of an affluent diet but this does not explain recent trends in cardiovascular disease (Barker & Osmond, 1986) . If increased saturated fat consumption among women were associated with an increased risk of colorectal and breast cancer, then the trends in these diseases in New Zealand appear contradictory. However, alteration in other risk factors for breast cancer may have obscured possible changes in the occurrence of this disease due to dietary change alone. An alternative explanation for the differences is that the mechanisms by which diet is involved in carcinogenesis may vary at different sites either producing effects at different stages or as the result of different latent periods between exposure and diagnosis. Potentially, studies of cancers of the ovary and corpus uteri could help resolve this issue. However, because changes over time in the age-specific prevalence of hysterectomy with and without ovarian removal were unknown, and the operation rates of hysterectomy are relatively high in New Zealand (Simpson, 1986) , trends in cancers of these sites were considered more difficult to interpret and were not included.
If the risk of colorectal cancer were determined before 30 years of age, future analytical studies would need to assess dietary and other exposures about and prior to this age. Analytical studies assessing exposures after this age may produce results that are influenced by less relevant exposure. This might explain, in part, the relatively low relative risk estimates obtained in analytical studies associated with dietary variables initially postulated as risk factors from correlational studies.
